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» STRATEGIES OF.PATH ANALYSIS

The method of path analysis, a]though conceived over sixty years .
ago by Sewell Wright'(1921 1925), has orly recently been 1ntroduced
into the educationa]‘]icerature (Anderson‘and Evans, 1974; Wolfle, 1977).
Its application in substantive analyses in'éducation has also been'infre-.."
quent, although sociolqgists have been us1ng the method for over. a decade é‘ '
to analyze educational attainment and its consequences (Blau and Duncan, qa%}

f
1967; Hauser, 1971 Duncan, Featherman and Duncan, 1972; Sewo¥1 and

~

Hauser, 1975; Sewell, Hauser and Featherman, 1976). Severa] papers -

have also summarized its methodo]og1ca1 aspects; recent rev1eWs include
Goldberger (1972), Goldberger and Duncan (1973), Duncan (1975), Heise
(1975),- and Bielby and Hauser (1977). These reviews obviate'the need

for an extensive review of the pr1nc1p1es of path ana]ys1s ] This

paper assumes the reader's general fam111ar1ty with mu1t1p1e regression

analysis, and its similarity to.path analysis. Its purpose is to

&

iTluminate the advantages of path analysis for the'exposition of results
in data analvtjc papers. ’

A data analytic paper typically begins with a discussion that.leads
to anlunresolved problem. Probablyfthe greatest advantage of path ‘
analysis‘js that jt provides a means by whfch the nature of the problem
may be handi]y summarizedu It reqoires the researcher to think about
cause; particu]ariy systems of intercausal connections, and provides an
explicit link between a priori theoretical notions of causal connections
and estimates of causa] impact. The formu]ation of the model requires

a degree of exp11c1tness desirable in scientific wr1t1ng, wh11e requ1r1ng

the researcher to defend the proposed model.



Once the model is formulated and defended, it provides a systematic

guidg for the exposjtion of results. \The ana]ysi; proéeeds in accordance‘;
with'thelldgic of the moée].. F}rst,’quantitative estimates a#g\éttached
to cqusa]’effetts thought to-exist ?n the proposedAmodg1. But what the
- researcher can do next in fhe ana]ytiF brocegs depends on the kind of

mode]l originally'formu1ated. Path models_may be clas§ified into four
AR .

categories: recursive,'block,‘block—recursive, and nonrecursive. Each of
- these requires a somewhat different strategy of anmalysis. The remainder

of this paper presents the strategy of analysis for each kind of model,

with substantive éxamples. .
RECURSIVE EQUATION MODELS | .

Recursive eduation models have no feedback loops, either directly
or indirectly; that ié, thé causal flow in thé model is unidirectional.
The ﬁuantitative estimates attached to the causa} Tinks may be eithéi
standardized or metfic rgg?ession_coefficients. In many cases the 1;£?§r
are preferred (see Duncan, 1975:51-66; Kim and Mueller, 1976), but for |
the instructive purposes of this papér, standardized Eoeffﬁcienfs will
be‘used. Zero-order associations- in models using standardizeq coefficients -
are measured by correlation coefficients. These may be decomposed into
several components usin§ the fundamentgl théorem of path ana]ySis, which
may be written (Duncan, 1966:5): |

= g Piq"iq . (M,

where i and jfdenote two variables in- the model, and the index q runs over

all variables from which direct paths lead to Xi' This decomposition
provides the basis‘for interpreting the results, and the kind of mode]l

dictates-the interpretations that can be attached to the various components

of the decomposition.

A




The strategy of amalysis for recursive mgdels is basically twofold.
First, the researcher will want to obtain estimates of the extent to
which intervening variables account for relationshibs among vari;bles: l T
These maf"be interpreted as indirect causal effects. Second; the
researcher will want to dbtain estimates of the extent to which antecedent
variables account for relationships between other varigtles. These may -
be interpreted as spurious effects.

The best way to i]]ustraté'a ;trategy of analysis is tq analyze a

substantive example. Consider the following set,of structural'equations:\

X1 2 P2 X2 P13 X3t Py X5 Y P Xg T Pz Xyt Py M

Xz = p23 X3 + p24‘X4 + fpzs X5 Q’ pzv v . ’ .‘

X3 % P3g X4 * P35 X5 ¥ P3g.Xg T P37 X7 * Pyg Xg T Pay ¥ (2). Z
Under the usual assumptions, the var¥ables on the left-hand side of .

]

the equality are dependent upon 'those to the right. The pij‘s are
standardized regression coeffiCients, known as path coefficients, in which

the subscript i denotes the depehqent_variab]e} The residuals have expected
values of zero, and expected covariations of zero with the other<4xplicit]y
measured independent variables in the equﬁtfon, and with each other. The
three equations may he diagramed, as shown in figure 1.

In Figure 1 the straight arrows represent my hypothesis of causal
effects; the arrowheads point toward tHe influenced variables. Thé arrow
from X4 to*X3, for example, represents the vefbaﬂ statement, l\'chi]'dhood
intelligence is a cause of educational attainment," or "a change in ' .
childhood inte]]ﬁgence produces a changg in educational attainment."

A double-headed arrow represents a corré]ation between two vafiab]es;
No causal 1ntetpretatiép is attached‘to a correlation. En this casé, the

five variables ofi the Teft-hand side of the diagram are called exogenous
|
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Figure 1. ~Reqursive Path Mode]xof Vocabulary Recognition, U.S. White
Civilian Population, Age 25 to 72
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'van{ables, because the causes of these Qariables, whatever‘they;
. are, come from outside the model. These variables, it is recoanized, ¢ o
may be correiated, but fo%_unknown reasons. However, two correlatiqns ?*f
z are specified to be zero a priori, namely those between childhoée In
and sek, and childhood IQ and current ddge. | ' f
A fully recursive model is one 1n which every antecedent variable
is allowed to affect every other varlable subsequent to it An the nndel
The model ‘presented in Figure 1 is not fully ré‘ﬂrsnve, because some of the
possible causa] connections have been eIih{//

these were eliminated for a priori theoretical reasons. For example,

nated from the model. Some of

the path from childhood I0 to vocabulary recognition was assumed to be |

/ nonexistent I¢ IQ affects vocabulary it must-do so at the time of .”{
the test, a DETSOH S nast ID has no direct bear1na‘ The paths from father's
educat1onal atta1nment and father's soc1oeconom1c 1n5;} to adult 1nte111-
gence were s1m11ar1y e]1m1nated; the effects were assumed to exist in v
childhood, but not directly for adult IQ. Other paths were e11m1nated )
because the coeff1c1ents e§t1mated from sample data fa11§d tests of
stat1st1cal significance. [ therefore inferred that the direct causal
path did not exist in the poﬁu]atien, removed the bath‘from the model,
and recomnuted the coefficients of the remaining paths.  The missing path j
fronksexﬂto adult I0, for example,. was eliminated @ecause its coefficient
was'insignificant. o |
“ The numbers along each path are standardized regressidn ceefficients
obtained by regressing each criterion variable on the'variab]es thonght
tto be cause;\\$\1t The data were obtained by combininé pieces of %vi- N
dence from d1verse sources. Pending the'cbnpletion of comnrehensive

¥ .
and long-term lgngitudinal studies of truly representative samples,

piecing togethed>€orre1ations from a variety of sources was the only way
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to obtain estima es for this mode1 Most of the correlations were

obtained from the Nationaﬂ Opinion Research Center s 1976.general social

survey The corre]at1ons ‘of variables with the two IQ measures were

pieced together. 2

‘Remember that the-strategy of aha]ysis for reej&;ive models fs;
first of 411, to obtain est1%ates of the extent to which 1nterven1na
var1ab1esaLccount for re]at1onsh1ps among var1ab1es The re1at1on3hip
between age (X ) and vocabulary (X ) will be used for illustration.

App1y1ng ‘the fundament5[ theorem of path ana1y51s,~1t can be seen thats

"5 = P12 T25 * P13 T35 T P15 M55 T Pig Tsg T Py ' o5y —(3).
The correlation of a variable with itself is unity (ry. = 1.0),’and the

correlations rse and res are'qiven as exogenous. . The corrE]atlons(r

e

and r3g(may, however, in the1r turn be decomposed. Thus, . .
F25 = P23 T35 * Poq P45 * Pos Vg5 . @
: . "" ’ . - . ’ . o
*35 = P34 Ta5 * P35 "55 ¥ Pag 56 * P37 Ts7 * Pig Tsg W, (5).

Equations 4 and 5 may be simplified by remembering that rec = 1.0 by

o~

deﬁinition,‘and a5 = 0 by‘theoretica] assumption.3 Thus,
i ’ N

»
.

25 = P23 35 * Pos ' (6),
b . .
. ; T
35 7 P35 * P3g "se T P37 "57 T P3g "sg (7).

- The right-hand portion of equation 7 may be substituted into equation

b

6 to ‘yield:
Pog = Pp3 (Pgg + Pag Tgg + P37 Y57+ Pag Teg) * Pyg . (8)
\

The right-hand portions of uations 7 and 8 may- now be substituted

into equation 3 to yield:

~

P15 = Prp [Po3 (P35 * Pyg Tgg * Py Y57 * Pag Msg) * Posl

+ P13 [Py + Pyg T + Pay Tig " Pag regl

}

v
G \ ’
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Notice that equation 9 expresses the correlation between X, and X5

]
i ) . .
solely in terms.of path coefficients and correlations among exogenous
variables . Rearranqing equg}%on 9 will yie]d‘khe so~called reduced /

form equation

’

r \
91; " P12 Pas T Py3 3t p1z P23 P35,
= " P16 s * P17 Ts7 * P13 (P36 M5 * P37 Te7 * P3g Tsg)

* Pyp Pa3 (Pyg Tsg " P37 st p38‘r58) (10).

 This equation provides the means by which the first strategy’ of analysis
“may ber}ea1ized for each element of the equation has) substantive meaning.
The first e]ement in equat1on 10, p]s, "is the direct effect of age on

vocabulary recogn1t1on. The coefficient is the number of standard

Bt

deviations X] changes when X5 increases one standard deviation, ceteris

pa’r‘ib‘us.‘ ~

| -

The second, third‘énd fourth elements of equation 10 are indirect
_ceuga] effects. For example, P17 p25 is the effect of éqe on vocabulary
. tepaén%t45n:through adult intelligence. In other'words, age not only
has a direct effect on vocabylary recognition, it also has an indiréct
qfféct because it af%ects adult fnte]]igqugywhich is itself a cause .

of vocabulary recognition. The product, Py3 P35s Measures the

P3

indirect effect through educational attainment, and Py2 measures

P23 P35
the indirect effect through both education and adult intelligence.

A1l of the remaipning components in equation 10 contain in. them a
correlation between exogenous variables. Previously 1 said that no.

~ causal interpretation is attached to a correlation; therefore no causal
o ~ 3
interpretation is attached to a c0mponént of\(gfzreducedaform equation
\ i N

\ R L;l‘.\_\
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whi ch contains a correlation: These’cohponents exist simply because
age’ is correlated for unknown reasons with other causes of vocabulary

~

recognition. To provide a collective label for these companents I will .
call them ”joiﬁt associations.” - . - ’ |

The results of the decomposition may be presented- in -tabylar form.
Table 1 represents one possvb111ty. The total association’between age
and vocabu]ary is simply the zero-order correlation coefficient- The
total effect is the sum of the ditect effect and all 1nd1rect effects;
that is, the total effect of age on vocabulary is 1nterpreted as the
sum of all effects whether they occur directly or through intervening -
variables. The other components, except for spurious effects which do
not a;!p\ly in this case, have been discussed above

‘A substantive 1nterpretat10n of these results is interestindg, but
somewhat eroﬁﬁemafic. In ma;? sitations the compenenfs are either all
positive or all negative, and the components may be'interpreted a5 a
per;entebe of the fofa] association. However, in this case age Seems -
to 0pera£e as a suppressor variable, and all of the cemponents are
larger in value than the totg].‘ [ would interpref these results to
indicate that age has a stroné direct effec? on vbcabulary1~th9 O]d?T a
person is, the longer his er her exposure to the language, and thus ,
the greater is his or her vocabulary. At the same time, intelligence
decreases’with age (Wechsier, 1988), but ﬁﬁfe]]igence has a positive
effect on vocabulary recognition. 'Ae a result, age has a negative ~~
., indirect effect through infef]fgence. Age also has a negative influence

[

. on educational attainment; this is probably a cohort effect whereas the

S

_other relationships are effects of aging. In sum, the zero-order

relationship of age ‘and vocabulary is negliqib]e,}Eut is caused by

-
&

~

(!
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fable l.\ﬂnecompos1t1on of Association for Age and Vocabulary Recognition

variables

Age and

Vocabyjary °

-

Vo

{
A
Type of Effect - Decomposition . .
v hd *\,—--‘—-—-——————ﬂ»—-——— et
‘ r
Total Agsociation =01
. Total Eff 06 .
Direct Effect -39 ‘
Indirect Effects -
1) _through X2‘ ~.29
2) through X3 ~.01
v ~3)  through X, and
\’\ o X, dpintly .03 o -
N §purio&5 Effects not applicable
/  Joint Association -.07
.
-
.
R
Rty
‘\{:i::?v' ’:'Lka‘; et ; .
1 . ' « | :.u; ‘.f
3 " 5 “ié

ey
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strong counterbalancing hultivariate effectswl Y

The second strutegy of ana]ysis for recursive models is to obtain

"~ estimates of the extent to whtch antecedent variables account for

4

relationshipsvbetween other variables. These will be interpreted as

spurious éffectS' The relationship between education (X, ) .and

’ vocabu]any (X ) w111 be used for 1]lustrat10n Once again, the funda-

. mental theorem is used to decompose the corre1at1on between the two

-

-variables of interest. By subst1tut1on, the reduced—form equation

expresses the decompos1t1on in terms of path coeffic1ents and correTations_

"bet#een exogenous variables. The 1ntermed1ate steps are ]e/t»for 1nter-

‘ested readers. The'reduced—form equatidq\1s' R

N f
"3~ pl Py Posgt p15 P35 * P16 P3g * Pyy P37 * p12 P2q p34

* p12 Pos P35, * P12 P2g (p37 a7 * Pag rag)
* P12:Pp5 (R3p o6 * P37 "7 * Pag *sg)

+ Py5 (P3g Yo * Py rSf‘+ P3g rsa) .

* Py (P35 56+ Py re7 * Pss'r68>

+ P17 (P3g Mgy * P T 57 " p36 67 *Pag 7 (1

The f1rst component p]3, of equat1on 1] is .the direct effect of

‘educat1on on vocabu]ary'recogn1t1on. The product, Py2 p23, Jds the

: 1nd1rect effect of education on vocabulary through adult I0. The

product Pys P3se is the.portion of the: correlat1on between educat1on

' and vocabulary that is due to the fact that both of these variables are

)
directly caused by the antecedent variable, age. In common terms,»pa;j/

of the\association between education and vocabulary is said to be

“spuriously caused'by age. Actually, the product, P12 Pog P3s» is also
2 .

f

'\-\ lk.‘ i b
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11 .are joint associations.

1

a spurious measure of a&e as it d1rect1y affects education and 1nd1rect1y'~

affects vocabu]ary through adult In. The product, P16 P35° is the

snurious effect of sex on 'education and vocabulary, and p]7 Pyz 1s is

the spurious effect due to father's education; 3P Pog Pag is the portion ..
of the association between educat1on and vocabu]ary spuriously due to

: gh11dhood '1Q as it d1rect1y affects education and indirectly affects

vdcabu]ary'through aduPtJIQ. ATl of .the remaining components of equation
‘ , , . , .

\

,

~Table 2,phesent$ the decd%position of the association between

;geducatfonal attainment and vocabu]anyurecognition the direct effect

of education on vocabulary (p,, = 03) is surpr1s1ng]y sma]] given the
v 13

amount of attention this effect has received (Bowen, 1977; Hyman, Wright
: ) - .
and Reed, 1975; Harnqvist, 1977). Hyman, Wright and Reed's (1975)

examination of the enduring effects of education concluded that education

had strong effects on knowledge net of social origins. Their analysis
showed that the partial correlation of educatign and a vocabulary ‘item
similar to the one used herein, contho]]ing for soc;al origins, was about
80 percent of the zero-order coefficdent (1975" 157) The data being‘
ana]yzed here 1nd1cate that the part1a1 correlation of educat1on and
vocabulary controlling for childhood IQ, age, sex, and father S educat1on
and socioeconomic index was .22. This value is only 43 percent of the

zero-order coefficient. The difference between Hyman, Wright and Reed's

.results and mine probably lies in the agilitx of the present data to-

contrql for early IQ. At any rate, although the direct effect of educa-

~tion is small, the total effect is considerably larger by virtue of

education's effect on adult intelltgente which in turn.strongly affects

vocabu]ary,recognition. The spurious'effects of antecedent variables are
/ ,

“-
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Table 2.. Decomposition of Association for Educational Attainment and
" Vocabulary Recognition’ ‘

Variables ) Type of Effect - Decomposition Percentage
Education
and Vocabulary Total Association .51 "100.0%
| Total Effect T 18 35.3
“ Direct Effect - .03
Indirect Effect 5
~“Spurious Effects .24 a7.1
1) by X4 ‘ ‘ _.23
& 3) by Xg -.01
4) by X, .04
Joint Associatioen .09 17,6
k]
!
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particularly noteworthy. The present analysis points to the deficiency
of previous stddies’in thi; érea chaUSe}Fhey were not able to control
for childhood IQ--a measure of thé propeﬂ§fty for learning. Forty-five
peféent of the associatioh between education and vocabulary may be said
to-be spuriously caused by éhijdhood intelligence. Finally, a portion
of the zero-order associafion may ngt\be decomposed into. components |
worto'of a causal interpretation. ‘Abouf 18 percent of the association .
o "Eesults—from the torre]atisn of exogenous ;griab1es with themselQes for
unknown reasons. | _ | \ |
In explicating this model, I have fOr purposes of jllustration
decomposed only twd associations of the many that could have been con-
sidered. Which associations should the researcher decompose by means of
the reduced-formrequations? Alwin and Hauser (1975) show how the
" reduced-form coefficients may be obtained by manipulating the equétions
in a computer. waever, this begs the question of which associations
are important enough to diécu§s, particu1ar1y when competition Yor,jourﬁa]
space is considered. The answsr lies in Which associations are theoreti-

cally important. Decompose associations that illuminate the unresolved

problem which initiated the exercise.

BLOCK EQUATION MODELS
A block equation model is one in‘whiCh each of a set of dependent
., variables is regressed on the same set of independent variables. For

example,
Y1 2 P1a Xg * Pyg X5t Py Xg t Py X T Py U
= +
Yo = Pog X4 * Pog X5 + Ppg Xg ¥ p27’."7 Poy V

Y37 P3g X4 * P35 X5 * Pyp X6 ¥ Py7 N7 T Py ¥ LR
Q . . .

o | 1.
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These equations may be diagrammed,'and are shown in Fiéure_z. The
‘_ data Qere%taken from Sewell and Hauser (1975: 93), and bertain to
',NisconSig nalf higﬁ school seniors of f957 of nonfarm backgéounds. The
three endogenous varfab]e§ are the reépdndent“s best friend's p]ans\to‘
attend college (a dUmmy variable: = 1 if yes, = 0 if no), parental
jencourageméhtato attend college, and teacher's encouragement to attend
college (also dummy variables). The four exogenous variables\are - .
g\ father'$ and mdther's educational attainment, respbndént's Henmon-Nelson
IQ score récorded during their senior year, and the respondent's high
school grades, recofded as their rank in high school class.

The analysis goals for this model are (1) to compare the partial =
péth coeffic%ents with their éor}eSponding zero-order coefficients in
order to determine how much of .the latter may be considered a direct

. effect, and how much a jbin; association (note that this model does not
»ine]d components interpretable as indirect or spu[ious g?fectﬁ); and (2)
]r to examine the residuals for correlated errors. ‘That is, the researcher
employing a block equation model will want to determine how good a‘job
the exogenous va}iables do of accounting for the corre]atfons among the
endogenous variab]es. To do 50, the correlations of residuals are. i
compared with the,zero-o}der correlations of the corresponding endogenous
variables.

}o effect the analysis of residuals, the correlations between endogenous

variables are decomposed by employing the reéuced—form equations while

allowing for the correlation-of their residuals. For example, using'the

fundamental theorem of path analysis, the correlation between Y] and Y2
'3
may be decomposed:
M2 P1a T2t Ps a5 T Pg Mg M Pz Ty P Ty (T

] | . T
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Y GRADES (X))

’

Figure 2. Block Equation Model of Encouragement to Attend College,

Wisconsin Male High School Seniors, 1957 (Source: Sewejt-and
Hauser, 1975: 93) /
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Similarly, the correlation of Y, with u may be written:

_ ‘ : ard
"2u " Pav "wu . | (14)".

SUbstitutihg equation 14 into equation 13 yields the reduced-form

»

equation,

T2 T P1g Toa t Pys o5t Pyg Tog * Pyy Moz t Py Poy Ty (15),

and

Fyu = (Mg = [Pyg Toq * Pygros * Prg Tag ¥ P17 Moy l)/eyy Ppy (16):
In simi15%7}ashion, ;he cbrre]ations'of rﬁw and r could be obtained.

ww

But“notfce that r = 12 4567 that is, the correlation of‘residuals

uv .
‘v.and u equais the fodrth-brder pértiaﬂ correlation of Y1 and Y2, con-
trolling for X4, XS’ X6, ahd X7. With modern computers, the values for
%he cofre]atzd residuals mayt%e obtained directly from a partial correlation
routine. /

-

Table 3 presents the decomposition-of the assoc{atipns between thé
exogenous and endogenous variéb]gg.’ Because there are no intervening,/ '
variables, there can be no indirect effects. Because there are no
antecedent variables, there can be no spurious effects. The direct effects
are measured fn the usua1<way; that is, they are standardized regression
coefficients. Joint associations could be calculated by using the reduced-
form equations, but in this special case are more easily obtained by
subtracting the path coefficient from its associated correlation coefficient.

Examining the effects upon parental encouragement to attend college,
~notice that the respondent's characteristics are the more important cause
of parental encouragement, but parental characteristics are by no means

unimportant. Moreover, for each of these variables about one-half of the )

association is a direct e(fect, while the remainder is due to the inter-

\

\\
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_J}ble 3. Deéompositidn of Associations fqr.Variab]eS‘in Block-Equation Model
Total 4 Direct Joint

Variables Association Effect Assogiation
PAED & F v .28 (100%) 3 (54%) 11 (46%)
MAED & F .21 (100%)" 9 (43%) 12 (57%)
IQ&F .29 (100%) .12‘141%) 17 (59%)
Grades & F .31 (100%) (68%) .10 (32%)
PAED & P .25 (100%) - 2 (48%) 13 (52%)
MAED & P .23 (100%) 0 (43%) 13 (57%)
IQ-& P .34 (100%) 0 (59%) 14 (41%)
Grades & P .32 (100%) 7 (53%) 15 (47%)
PAED & T .15 (100%) 4 (27%) 1 (73%)
MAED & T .14 (100%) .04 (29%) 10 (71%)
IQ&T 5 (100%) 5 (43%) 20 (67%)
Grades & T .42 (100%) 2 (76%) 10 (24%)

21
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>Eorrelatidn (for-unknown reasons) of.the exogenous variables. My overall

s impression is thaf‘parents who‘éncourage their twelfth-grade chfldren to

attend college are'néarly equally influenced by a variety of éffécts. On

the other hand, teachers yho encourage students to attend co]lége are

strongly influenced by the studeqt's performance'regard1ess‘of social

oo~ _background} To the’e»teqt that»socia1 background is associated with

teacher's encouragément, it occurs primarily through correlations with
.other effects. For example, the total association of fathet's education

.and teacher's encouragement may be decomposed:

34 7 P3q * P35 a5 T P36 Tap* Pg7 Taz | s

.04 + (.04) (.52) + (.15) (.25) + (.32) (.15)

il

It

.04 + .02 + .04 + .05
\ ST | ' | ().

In plain English, most of the association of father's education and teacher's
encouragement is due to father's education bei;g correlated with student's
IQ ahd school performance, which are themselves effects of teacher's
encouragement. %

The secend strategy of analysis for block equation models is to examine
the residﬁé]g for corre]éted errors. We should on substantive grounds
expect students who are being encouraged to éttend to11ege by their parents
-also to be encouraged by teachers, and to have best friends whose plans
include college. The correlation coefficients lend support to these

.
N
v

expectations:

rFP = .40 }
f’ rFT = .34
rPT =_.44 (18).

Pas
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Yet, once again on substantive grounds; one wonders whether these
"correlat1ons result merely from the fact that they have common antecedent
causes. That 1s, the corrl]at1on of parental and teacher' s‘encouragement
could be. due to similar patterns by which parents and teachers assess
the student's socia] background, ability, and performance. To see if
this is so, we examine the correlation of the residuals, equivalent te
the fourth-order partial cbrre]ation coefftcient. Ifrthe residua1s are
uncorrelated,:one would .conclude that the exogenous Variablesejointay
account for the zero-order association. If the residual correlation
coefficients are not zero, one would conclude that the model has not

revealed all sources of covariation between the endogenous variables.

'Indeed, that is what the correlation of errors would lead us to believe,

for:
M12.4567 = -8 _ "
13,4567 = 22
= "’ L. Q
r23.4567 = 33 ' (19).
Consider the zero-order correlation between parental encouragement -
and teacher's encouragement (rPT = .44). Once again, decomposition

permits causal interpretations to be attached to the components of the
reduced- form equation: -

r "~ (20).

23 = Pog T35 * Po5 T35 T Pog Y36 F Py T37 ¥ Poy Tuw Pay
and 1,y = .44= .17 + .27 | (21).

‘ . #
where the first portion (.17) is the sum of products of direct effe&fs
and correlations, and the second portion (.27) is due to the effects
of correlated errors. In other words, of the total association of teacher's

and parental encouragement, 39 oercent can be attributed to correlated




antecedent variables, and 61 percent to corre]ated errors. In conclusion,
it is cleak that the correlation between teacher's and parental encouragements

1

do not resu]t so]e]y from common antecedent causes; most of the assoc1at1on

is due to the corré&Tation of causes that have not been exa]1c1{1y measured
"“in the model. .

-

BLOCK RECURSIVE MODELS | i

A block- necur51ve equat1on model is, as the name 1mp11es, a mode -
* that combnnes both recursive and~b1ock equat1ons The ana]ys1s goa]s are,
thereforq\ defined by what onescan do with b]ock and recursive equation

models. \First, the researcher will want to obta1n estimates of the extent

-

to which” intervening vartables account for relati8nships among variables.

Second, one will wanf to obtain estimates of the extent to which antecedent

~

variables accounf for re]ationships Between other variables. Third, the
researcher will want fb examine where apprOpr1ate, res1duals for correlated
errors. F1na11y, the researcher will want to determ1ne the extent to
“which zero-order associations are accgqnted for by contemporaneous. endogenous
" variables. Let me emphas1ze here thag as always, the underlying goal of

analysis. 1s the exp11cat1on of the unresolved prob1em wh1ch motivated the

S

a

ana]ys1s.' The ana1ys1s thus proceeds 1n"accordance with the logic of the

model. In the example to follbw, each of the four analytic goals will

, :
be discussed, but the reader should remember that in substantive models
the strategies of analysis make sense only.in relation to the theoretical

, Purpose of the model.
R .
Consider the following block-recursive equationiyode1:

X1 TP X ¥ Pi3 X3 T Py Xg Y Pys X5 T Py Xg T Py
Xp T Pag Xq T Pas X5 T Py Xg * Py ¥

X3 = Pgq X4 ¥ P35 X5 * P3g Xg ¥ Py, W _ (22), «




oo a )
\\ \\ ’ ? L ¢ ,
- in which E(uv). = E(uww) ‘= 0, by assumption, but no assumption is required

about the association of the residuals of X, and X. The mode1 is diagrammed

in Figure 3. The<data are fictitious; they were published in Kerlinger '

and Pedazur's (1973:331-3) text, and are used here for purposes of illustration.

‘ ‘The dependent variable«is verbal achieveMent, and the £X0genous .

variables are race, mental abiiity, and scheo1 quality. TWo variables are
.thought to be causa11y intervening between verbal achﬁevement and tee

exogenous var1ab1e§‘— These are the soc1op§ycholog1ca1 variables, se1f—

/Conc t and 1eve1 of asplratlon While it ﬂékes go&d sense to consider
f-concept and 1eve1 of aspiration dependent upon race, I0, and school
quaTity, it is not clear to me that causality can be unambiguously
established between the two sociopsycho]oé?ca] variables. For my purposes, e
it %s not neceesary to esUﬂglsh the causal order, because my 1nterest is
pr1mar11y 1n the extent to which they account for the associations between
7/ verbal ach1evement and the three exogenous variables. Therefore, I
specified no causal 1link between self-concept and aspiration, but do
conside;\ghe possibility.of correlated errors. Ofchyrse, if the'causa1
associatio;‘bgtween these variables was of theoretical interest, the mode T
would require :e}ormulation.

To illustrate the first strategy of analysis for block-recursive

models, consider the association between IQ and verbal achievement. The

~ fundamental theorem rexgals: |
o 157 P12 25 Py M3 +/A]4 "45 * P15 Tss T Pre T (23),
and gy substitution for rog and Mg the reduced-form equation is:’
B 7y5 = Pys FPyp Pos PPy Pas Py Tas t Pl T osg )
; P12 (Pag "5 ¥ Pog Tsg) * Py (Pyg Tgs * P3g rss)‘ (24).




;
&
\
—
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T 'Verba] X )
" Achievement "1
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il |
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Quality (X

Figure 3. Block-Recursive Equation Mode] of Verbal Achvé&ement
(Source Kerlinger and Pedhazur, 19‘3 331
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Fn numeric terms,

L MsE 60 = S E L4 0305 (25).

B

Thus, 85 percent of the association between IN and verbal achjevement
\
was.a dlrect effect, and only seven percent may be said to have occurred

‘through the Eﬁb inE?rVenﬁng variables, self-concept and level of-aspiﬁgtion.

The sgcond strategy\of analysis is'to~determine the extent to which
.

antecedent variables account for re]at1onsh1p5 betWeen other var1ab1es

Cons1der the assoc1at1on between self-concept, and verba1 achlevement The

’

decomPOSItlon of the correlation is:
= 3 +
M2 P12 Top ¥ P13 73t Py Yo * Pys Tog P16 26 (26).
The correjation oy = 1.0 by definition, but each of the remaining_

correlations may themselves be decomposed by means of the fundamental -

theorém.  pecompositions of the three corgé]ations, PYE r25, and r26"

areéi}raightforward (the interested readers may insert these intermediate 5

decOmMpOSitions). The correlation of X

) and X3 may be written:

237 Paa "3 * Pas V35 Pog Tag t Py M3 (27),

and

(p

23 7 Paa P3a F Py Pas ¥ Pog Pag t Pag (P35 a5 * Pyg r4§)

: 5 r
“Pas (P30 g5 056 Tsg) ' Pag (Mg Ta t Pag rg)

' pzv p3v’ r‘vw (28). |

Therefore, the reduced-form equation for .the correlation of X and X, is:

127 P2 T Py Pag Pag t Py Pog Pas Py Pog by t Py g

t

. D : o o+
FP1s Pos t PgPog Py Ppg (P3g Tas t pag rye)

FP13 Pos (Pyg Tas * Py Teg) * Pla Pog (Pyg Tag thag o)
+P1g (Pos 745 * Pog Tag) + Pys (Pyg a5 ¥ Pog Tse)

p (29).

* P16 (Pag Tag * Pos Tsg) * P13 Py Paw My,

G
r
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The direct effect is given by p]2 N (wh1ch is 37 percent of 912 .30).

The next six components on. the right -hand s1de of equation 29 measure the N

extent to which the antecedent variab1es X4, XS’ and X6 account(for the |
relationship between X1 and X2. Thus, alport1on of the relat1onsh1p
between X] and X2 is spuriously due to three exogenous variab]es as they
directly affect self-concept andéverbal achievement, ano indjrectiy‘
affect verbal achievement through level of aspination (X3). ‘In.numeric' -
terms, the sum of these six components is .08, or 26 percent of the total,
which answers the quest1on addressed in this second sti.tigg’of ana1ys1s

: The third strategy of analysis for block-recursive models is to
examine the residuals for correlated errors. In specifying the model,
no assumption was made about the correlation of residuals for X2 and

X3. It is now appropriate to compare the correlation of residuals to ?

/
the zero—order correlatlon we do so to determine the extent to which R

race,- 1Q, and school qua11ty determine the association of self- concept

and level of asp1rat1on. The. reduced-form equation for the zero-order

;cbrnelatﬁon of X, and X3 has already been shown in equation 28. The

2

'zerp-ordeh coefficient was .40, and equation 28 suggests that race, 1Q,

and school quality directly and jointly account for 35 percent (.14)
of the zero-order association, and the correlated errors account’ for the
remaining 65 percent (p2v Paw "vw .27). In other words, most of the
association between these two sociopsychological variables is caused
by variables not explicitly included in the model.

The final strategy of analysis is to determine the extent to which’

zero-order associations are accounted for by contemporanepus,. endogenous

variables. For example, focus on self-concept (X2), andvon the zero-order .

relationship between sel f-concept (XZ) and verbal achievement (X]);
\

A) )
AU

s

R



vart.ple, level of aspiration (X3)? That is, once we admit that X,

25

how. much of this relationship is. accounted for by the contemporaneous -

2

" and X have Correiated errors, we must. also admit the possibility that

‘the zero-order correlation of X, and Xz 1ncludes an effect attributable

to the correlated er?%rs of X2 and X3.' This effect is showo'in equation

29 as the prOdoct, P13 P2y Paw Mvw® which equals the value, .045, or

- 15 pereent ofgggz =

NONRECURSIVE MODELS SPON
The models considered ~aboye were causaliy unidirectional. However,

there are times when a researcher s formulation of a model dictates )

~that one.variable.thought to be a cause of‘anotﬁer, is also thought.

to be caused by it, either directly or indirectlyf In other words, an

‘independent variable-in one equation is, in another equation, regressed

on the deoendent variabie in:the first equation. In such situations,

estimates are no ]ooger obtainab]e through ordinary least squares procedures.
In the area of educatioo,‘nonrecursive, reciprocal effects were

hypotﬁesized“by Duncan, Haller, and Portes (1968) between‘respondent's

plans to attend college and the plans of respondent's best friend (see

'

: Hout and Morgan, 1975). For purposes of illustration, however, I would

prefer to consider the 51mplest poss1ble nonrecursive model of four
variabtes. However, substantive examples of such models are rabe.
Ertanger and Winsborough (1976) used such a model to explain the sub-

culture of Violence thesis (Wolfgang, 1958). But rather than repeat

'their already cogent example I prefer to construct another.- It is

outs1de the area of education, and somewhat contrived, yet I hope

-1nstruct1ve.

2V
L}
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a potent1a1]y viable po]iﬁica1 party (WOlfle, 19?6); There was strongf
support for the party among miners, » gne-crop farmers, lumbermen, some
immigrant groups, and others. The party s presidential tickét was
headed by Eugene V..Debs, an attractive vote-getter for the Socialists.
Yet one is eventually led to ask whether the party's e]ectoral.fortunes
were due to the popular presidential candidate, or whethehfthe presidentiah
candidate merely gaJned support from voters attracted to the party's
basic ph1losophy <

.To effect this ana]ys1s, cons1der the model d1agrammed in Figure
4(3)% The four variables. are the I11inois presidential SPA vote in
1908 and 1912, and the ITlinois SPA pbte for the State Treasurer in the
same elections. The latter are taken as proxies for structukal support
for the SPA; the SPA State Treasurer candtdate wae seldom a factor in .
the vote cast for'the,pahty. The model indicates that the presidential
and state'treasurer vote in 1908 are correlated for unknown reasons.
The cuh@ed line in the diagram has nd'arrowheads to caution us that the
deeompositions employed in previous'models do not apply to nonrecursive
modeis The presidential vote 1n 1912 is hypothesized to depend on the
cgnd1date s vote-gathering ab111ty in the -last election, and the party S
structural support in both the current élection and the.last. At the
same time, the party's structural support is hypothesized to depend upon

the party's basic support four years earlier, and also the presidential

vote in both 1908 and 1912. The equations implied by the model are:

Xp = Prg X ¥ Pug X3 ¥ Pyg Xg Py U
"(30).

Xg = Poy Xy + Po3 X3+ Pog Xg * Py, V

y

-
Ao d
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Figure 4. Nonrecursive Equation Models of Socialist Voting in M1inois_



‘ '-... ./’b‘ ' - : h 28

""""" “ﬂithout“beiuboring<the point, this- set” of -equationstas-no- soiutioh
Oversimpiifying a bit, there_ are oniy six intercorrelations supp]ied
by the data, yet the equations have eight unknowns The model is said
to be unidentified (see puncan, 1975). o
In Order to obtain estimates fon the model, some prior restraints .

must be placed on it. This is accomplished by constraining some of the

~paths—to-be-zero.Which onesmdependsuponwthe;substantive questions being

asked of the data. If the researcher. is primariij interested-in the
cross-lagged effects, then the reciprocal effects are specified ze}o;‘
and the model may be analyzed as a set of block equations If the -
.researcher is primarily 1nterested in the rec1Drocai effects, then the
cross-]agged effects -are specified zero, such a§ shown in Fiqure 4(b).

vThus, the strategy of anaiysis for nonrecursive models depends upon
the substantive questions that motivated the ana1y51s The researcher
must choose between models by going beyond the statistieai information
available. If the reciprocal effects“are of theoretieai i:lerest,
then the.strategy of analysis is to compare the size of the reciprocai
effects to each other, and to other indépendent variebies.‘

The model to be estimated is: ; , - N

X] % Prag Xp ¥ Pz X3t Py v

Xp = Poy Xy * Pog Xg Py Vo (3.
To estimate the parameters of this model ordinary least squares procedures
are not appropriate. A one-step method has been known for some time
. (Goidberger, 1964) , but most social science computer software packages
do not include these two-stage least squares procedures. However, with

certain precautions ordinary least squares regression may be employed in
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. ‘ : * . (/, ‘
— —two stages. —Iestimated the coefficients for this madel by using

SPS§ (Nie; et.al., 1975), anJ adjusting the secondlstage output fo;
inherent computational errors (Hout, 1977). ‘\ |

The resuits are shown in Figure 4(b). I am Hed'to conclude that.
the presidential vote in ]908 was relatively more fﬁportahfﬁthén the
phi]osophy—based support in 1912 (.58 versus .42) for the preﬁidentia]
vote in 1912. -For the state treasgrer voté‘in 1912, the phi]osophy:
based support in 1908 was re]atfve]y more important than the presidential
vote ih 1912 (.63 versus’.§7).. In answer to the queétion, which was
the more important source or electoral support in 1912, the presidential
candidate's popu]arity of the party's basic philosophy, the answer seems
to be that these effects were about equal. There did, indéed,'seem to
be reciprocal effects--the party received votes -on the coattails of

Eugené Debs, and Debs received votes from people attracted to the party,

not necessarily its candidates.

CONCLUSION
Duncan reminded us that "the study of structural equation mode1s

can'be divided into two parts: the easy part and the hard part" (1975:
149). Thi§ paper has been agbut an easy baft--how a researcher can
manipulate algebric equations to assist in the interpretation of an
.existing model. The hard parE is constructing models that areAconsistent
with sound theory. To incorponaté sound theoretical ideas in structural
equation models requires a measure of creativity that goes far beyoﬁd

the bounds of this paper. As Duncan before me suggested, if I knew how
to construct creative, sodnd models, I wo have already done so.

\ g
 The models that I have presented in this paper to exemplify strategies

<

&
[

. g P
';‘3;- wt



of analysib are therefore no.better than the idéas that went into them.w
If the models were based on unsound ideas, the models are unsound Yef 
I find path models extremely. useful, because they force me to formulate
my ideas in éxp]icit form, and allow me to read the ideas of others in
explicit form. “I see this as the mos t important advantaqe of path
analysis. '

Readers who would like to gain further insight into the constructibn ]‘J
" and aﬁa]ysis.of models ma} begfn with the collections of Blalock (1971),
Goldberger and Dpntan (1973), and Sewel],vHauser and Featherman'(]97§).
The American Soéiological Revi?w often includes articles that incorborate -
in them structural equation models, and readers may find these instrpctive.
Yet ideas and models are often flawed, and the copment seétion of the
Jjournal céhtéins very instructive dialogs betWeen authors and critics.
- I 'recommend these discussions tdiyou, and you might begin with, for
~example, Havens and Tﬁ1]y (1972), Halaby (]973), Featherman (1973), = | .
Hannan,AFreéman and Meyers (1976),'A]exander and Griffinl(]976), or .
Bohrnstedt (1977).

(A‘
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- . For those who are unfamiliar with path analysis there are several
good introductions.- Land's (1969) article is good, but 1:ke many early .
'papers on the subJect glosses over the distinction between sample. estimates
and populat1on/barameters Moreover, Land (as wel] as Ker11nger and.
Pedhazur [1973 316]) i11- adv1sedly rep11cated Duncan's (1966) defecfive
”conception of measur1ng indirect effects A more proper-cons1derat1on

of indirect effects may be found in Duncan (1971) or F1nney (1972). .
Another 1ntroduct1on to path analys1s may .be found in: wolfle (1977),

and Duncan's (1975) textbook is the best in the field. -

?A compléte description of these data may be found in Wolfle (forth-
coming). | - | -

3In fact it is the population corre]ation coefficient, p45, which

\

" is assumed equal to zero. When dealing wfth sample "data the assumed
equa]ity will not hold exactly. Sett1ng r45 and rye to zero is thereforew“'

a pract1cal determ1nat1on to be d1st1ngu1shed from the formal tenets of

tet ke

- statisincs.

4The complete eouation would be: o T

20 " Pav "vu * P2a Tau T Pos syt Pas Teu T P27 Ty -

=r

u 6u

;e Fo, = T 7u_f 0 by assomption, ji.e., E(XEU) = O,‘ano‘the

© full equation redUces‘to‘the'fOrm expnessed in the text. -

‘ I.lj ’ ® :
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